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ABSTRACT 

This study investigated the effects of different 
structures of a synthesizer and formats of the generality component 
on the application and remember levels of learning. Seventy-three 
undergraduates participated. Four treatment groups were formed by 
combining two types of structure (complete versus partial) with two 
types of format in generality (visual versus verbal statement). A 
complete synthesizer contained a generality, an example, and some 
practice, A box-chart diagram was used to represent the visual format 
of the generality. Results suggest that, although the format of tho 
generality doc^s not make significant differences on either the 
application or the remember levels of learning, a complete 
synthesizer seems to benefit remember level learning. When comparing 
treatment groups with the control group, the post-hoc comparison 
again shows that complete synthesizers result in significantly better 
learning than no synthesizer at all, A discussion of the findings 
concludes the paper. Seventeen references are appended, 
(Author/RP) 
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Thi« otudy invest igat^d the mttBctm ot differant etructures cf 
• synthMizar and foraata o£ the Ottnarallty coaponant on applica- 
tion and reaoabar levale ot loarning. £avanty-thraa colloga atu- 
danta froa Syraoueat New York participatad. 

Four traafaisnt groupa wtara fornad by coabining tao typaa ct 
atruotura <^;oapIata va. pHrtial) with two typaa of foroat in gan- 
/ arality (viaual va. varbal atataoant). A complata oynthaaizar 
, contalnad a ganaralityt an axaaple and aoaa practica. A box- 
chart dtagrar waa uaad to rapraaant tha viaual foraat o£ tha gwn- 
aral ity. 

Rc^aulta auggaat that ••foraaf ot ganarality does not oaka aig- 
niCicant diffarancaa on aithor application or ramaabar laval of 
laarning. But a cocjploto aynth&uiser aaaaa to benafit raaaabar 
Idval laarning. Vhan coaparing traataant groupa with control 
groupt tha poat-hoc compariaon again shows that coapl«ta aynthaa- 
izaro rasult in significantly bettor learning than no aynthaaizar 
at sU« Soma poesibla reaaona for findings ara diacussed at tha 
and. 
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IMTBODUCTIQil 

A Context for Sv pthgaiger 

tnotruotional dMiQn im concttrnad uith underetandinQf ioprov- 
mg and applyino methods of inatruction in order to make learnino 
more effect ivet aore efficient and aore appealing (fleigeluth* 
1963) • However* deepite the fact that educational activities 
have existed tot a long tiaet tho field of in&tructional design 
did not appear ae a science until the aiddle of the 20th century. 

Instructional design found its oun stance since the late 
1950a^ but hae saintained a close relationship with behavioral 
psychology and cognitive paychology. Many inatruct ional theoriea 
eaplo/ing either approach have eaerged. Aaong the theoriats are 
Skinner* Bruner* Ausubsl* Gagne* Gilbert* Glaser* and aore 
recently* Landa* Scandura* Herrill* Cropper* Reigelutht Harkle* 
and othcira. These theories are prescriptive in the aenne that 
they provide bases for deciding which instructional aethods 
should be used in a given situation to achieve the deaired out- 
coses. 

Sines ir struct lonal design is a prescriptive ociencet it is 
concf>rnsd with prescribing optisal •'methodn*' as opposed to 
describing actual **outcome6« Thres types of methods were iden- 
tified by Reigeluth <1983): organizational stratagxest which 
deal with organizing the subjects-matter contents delivery etrat- 
egies* which deal with conveying the content; and management 
strategiea* which deal with aaking decisions about how and when 
to use the previous two stratagies. A further clcsai f icat ion was 
made on the organizational strategies. Ore is micro atrategiea* 
which are concsrned with teaching a single ides (i.e. a concept* 
a principle or a procedure): the other is macro strategies* which 
are concerned with teaching more thcsn one idea* and thie is where 
etrategiso such as sequencing* eyntheeizing and eummarizlng come 
into play. 

With respect to macro strategies* aany reaearch efforte have 
been made to identity sequencing principles (Resnick* i976: Tyl*- 
er* 19S0: Thomas* 1963; Posner & Strike* 1976). Some instruc- 
tional theories havs prsscr ipt lono on how to sequence the con- 
tent* ouch as Gagne'a hierarchical approach* Lar.da'e snowball 
approach* Ausubel *e progressive differentiation approach, and 
Reigeluth^a elaboration approach. ••Summarizing*' (or systoaatic 
revisw) has aleo been a long-usad strategy* although not many 
theories or modele have provided apectfic guidance on effective 
use of It. Synthesizing however te the least diecuse€»a« if not 
the least used* strategy in instruct ion. For better learning* 
most learning tasks require a eyntheaizing effort on the part of 
the learners. Looking from the information processing point o£ 
view* synthesizing is sxtremely important in that it makes learn- 
ing more meaningful by relating new information to the learner's 
existing knowledge* and showing the relationships among the vari- 
ous pieces. To synthesize is to put logsther all the piecemeal 
knowledge into a big picture and to aane an integrated under- 



5 



•tandiuQ of it. Thus* a good eyntheaizing strategy on the part 
of the instructor can hslp the la&rner identify the relationships 
asong piecast so that each piece of knowledge becoaes more mean** 
ingful in an integrated* aacroscopic context* 

Theorst^ csl Frsaawork 

As mentioned before* only a feu early theorists have expressed 
a concern about syntheatsing stratsgies« Bruner and Ausubol are 
the two sajor percons aaong them. Bruner (1960) talced about 
gaining seanmgful learning by acquiring the **8tructure** of a 
subject* The **0tructure** referred to the relationships aaong 
content slenenta. Similarly* Ausubel <19e8) diocuBsed **integra- 
tive reconciliation** ae an inportant concern for the instruction- 
al process* He described **inteorat i ve reconciliation** aa a pro- 
cees of continuouB interaction and recombination of neuly 
acquired information with preexisting eloisents of cognitive 
structure to form neu manning and new organization of knowledge. 

One of the recent instructional theories that shows a grsat 
concern sbout oyntheaizmg and providee a est of guidelines for 
operational xzation is: the Elaboration Theory (Reigeluth* 1979: 
Reigeluth & Stein* 1983) « This theory ie concerned with four 
kinde of macro strategies: selection* sequencing* synthesizing 
and suaaarizing of aubject matter content. The stratsgy component 
thet Elaboration Theory uses for synthesizing is called the **syn-- 
thesizer.** According to the Elaboration Theory* the purpoee of a 
syntheeizer 10 to relate and integrate the individual ideas of a 
single type of content (i.e- concept* principle or procedure). 
It is hypothe-jized to have tha ezfecte of 1) providing students 
with valuable knowledge* 2) facilitating a daeper understanding 
of the individual ider^s* 3) increasing the meaningfulneae and 
motivational effect of neu knowledge* and 4) increasing reten- 
tion* These effects were proposed based on knowledge about human 
cognitive functional It is assumed that by comparing and con- 
trasting the individual ideas within the content* a broader pic- 
ture can be ehoun uhich provides additional knowledge about the 
content and helpe with a better understanding of it. AI0O* the 
periodica] integration of neu knowledge and the learner's prior 
knowledge takes advantage of the learner* s devs^loping cognitive 
structure* which then makes learnirg raore naaningful and unfor- 
gettable* 

Two kindfci of synthesizers were identified by Reigeluth and 
Stein <1983): an intern:.^! synthesizer* which shows relationships 
among the new ideas within a Icui^on; and a within-aet synthesiz- 
er* which Bhcua horizontally the relationships aaong the ideas at 
a given level of elaboration* ana vertically the relationships 
between these ideas and the more general* inclusive ones that 
subsume them. 

Elaboration Theory proposes that a synthesizer should consist 
of 1) a generality in tl^e form of a subject-matter structure for 
the organizing content. 2) a few prototypical examples* and 3) a 
few integrated* diaanoctic* self-test practice items* Both the 
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internal and within-aet synthaeizere should be placed at tha and 
ot each laaaon. The o^naraiity in a aynthaaizer ia ona or aora 
aubjact aattar atructuree plua tha nacaaoary verbal deacription 
to clarify thair aeaninga (Raio^luth* Ifarrill & Bunderaon* 1978; 
RaiQaluth & Stein* ig83>. Tha axaraplea in a eynthaalsar portray 
tha intarralationahipo aaong instancea of tha ideas that are 
being aynthaaizad. The practice in a aynthaaizer is a set of 
itema on thm interrelationahipe aaong the idaaa (Reigelugh It Dar- 
uazah* 1832) • 

Praviouft Reaaarah 

It uaa mentioned earlier that tha energence of the idea of 
ayntheaizing can be traced back to I960* but this idea of teach- 
ing the content atructura uaa not opart i ona 1 izad well in early 
reaearch and thaoriea. 

One of tha early atratagiee for teaching the structure of a 
aubject uaa the **advance organizer** propoeed by Auaubel (i960). 
According to Auaubel* the advance organizer la a brief deacrip*- 
tion of th^d content at a high level of abBtraction? vhich ie giv- 
en at the beginning of the leaaon. {t le auppoeadly to provide 
relevant aubflruming conccf*.«. in order to facilitate the aaeiaila- 
tion of new information z& well ae the proceea of integrative 
reconciliation. However* Au-rub«l*a advance organizer ie ao gen- 
eral* incluaivet and abatract* that it aaya nothing about the 
actual content to be learned. A review by Van Fatten* Chao and 
Reigeluth (in prese) revealed that, since the advance organizer 
doea not explicitly teach tha etructure of the content, it in not 
a aynthaaizer in the Elaboration Theory's definition of the lera* 
e*^n though it is likely to result m the building of stable cog- 
nitive atructurea and therefore in the learning of aoae relation- 
ahipa. Van Patten et al. further reaaoned that if any knowledge 
about th^ content etructure wae ever obtained, it eight be either 
due to Bowc abilitiea of the learner or "the learner'a borrowing 
of a relevant oet of content interrelationahipe froa previoualy 
learned i^ateriala. «* Above all. the major criticiem about the 
advance organizer ie that Auaubel did not provide a definite way 
of constructing it. 

Herri 11 and Stolurow (1366) tried to construct an organizer 
baaed on content mterrelat lonehi pa. They arranged the cojUent 
eleaenta in a hierarchical order ©uch that "each succeeding 
atataaent wae a combination* reorganiTiat iont elaboration or 
application of previous principlee, ** <p.253) Howaver* although 
the hierarchical organizer waa developed baaed on the content 
etructure. thia structure (tha relat ionahipa among ideae) waa not 
preaented explicitly to the learnera* 

Strictly Hpeaking. there has bean vary little reaearch on ayn- 
theaizing which operationalisieB the idea in a preciee. repHnable 
and explicit way. To the knowledge ot the authorn* Elaboration 
Theory la the first one which addraaaae thia problea and pre- 
acribea the structure. developaant and uaea of oyntheaizing 
etrategiee. Weverthelese. empirical teeting le needed to vali- 
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dmtm xim prescriptlona about syntheei-^era and to find out which 
fornats are aoat effective tn eoMunicating the interrelation- 
ships aeong content elements, an aspect not yet clearly delinad 
by the Elaboration Thosry. 

Soae relevant research studies have been done recently. Tuo 
studies (Frey S< Reigeiuth. 1981 : Carson h Roigeluth. 1983) inves- 
tigated the effects of different positions of a conceptual syn- 
thesizer in relation to sequencing strstegiea. Although both of 
thes used tree-cnart diagrase as the format for conceptuiU syn- 
thesizers, "foraat" uas not dsliberatsly exasined in terna of the 
effects of its variatione. 

f!'?^™"**^ °" -foraat* uaa conducted by HcLsan. Yeh and 
Hsigeluth (1983). They investigated the effectiveness of three 
formats of conceptual synthasizars: 1) trss-chart diagram 
Cvisual-o-^ly). 2) prose form (verbal -only) . and 3) tree-chart and 
prose m coabination (visual -verbal cosbi nation) . The results 
suggeet ^hat when teaching conceptual relationahips. visual-only 
foraat u euparaor to either verbal foraat or visual -verbal cob- 

One noteworthy thing la that all the above studies on aynthss- 
izsrs used the Elsboration Theory ae their research paradigm, but 
none of them followed the prescriptions xr. terms of the structure 
Of a synthesizer. Instead of having generalities. integrated 
exaaples and diagnostic practice in the eyntheeizer. they only 
included the generalities. Thus. the results of those studies 
relate to the "position" of a synthesizer ir. a lesaon or the 
xoreat of the generality component of a synthesizer rather than 
to the structure of a eynibasizer. 

A review of those studies also ehoue ihst the synthesizers 
used were all internal synthesizers. since the information con- 
tained in each synthesizer was onlv the coverage of one single 
lesson. No withtn-aet synthesizer has over been investigated so 
far. According to the Elaboration Theory, a wjthm-set synthes- 
izer teaches the relationships among ideas across several les- 
Qons. 

Present Study 

To correct for the deficiencies described above, and since 
there have b«an no studies on procedural eyntheei zere. this study 
investigates the effects of different atructurea oi synthesizers 
and formats of the generality component of synthesizers using a 
uithm-set operationalization. The independent variables in this 
study are structure of oyntheaizer (cooplete vr. partial) and 
format of generality (visual vc. verbal). The dependent vari- 
y**!^!* °* procedures and application of them on new 

instances (statietical problems). The hypotheees arer 

1. In both application level and reRiember level learning of a 
procedure. students who have received :i box- chart (visual) 
generality in the synthesizer will perfor.A better than 
rnonc who have received a verbal generality. 
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In applic«tion level learning of a procadure* etudente who 
have recexved a completa ayntheeiser (including general ityt 
exaeplee and practice) pin perform better than thooe who 
have received a partial one (including general ity only); 
but in reaember level learning* they will per fore equally 
uolK 

In both application level and reaember level learning of a 
proceUuru. atudente who have received a eyntheeiaser • 
regardleee of structure of the oynthesizar or foraat of the 
generality, uill parform better than those in the control 
group who have received no eyntheoizer. 



An elementary statietice claee waa ealected from a college in 
Syracuse* Now York. A total of aeventy-three etudente partici- 
pated in the study* Sixty percent of then were freehoenl the 
reet were eophoaorec^ or juniors* Ninety percent of them were 
white. According to the mstructopf their intelligence level wae 
a little below iverage* 

The etudente were rcndotuly assigned to fiv« groupe (deacribed 
below) « This uas realized by k^andoaizing the order of th^ book- 
lets in advance. To minimize the eize di f fr/renceaf this process 
was done in groups ot five. auch that every set of five booklets 
contained one of each group m a random order. Theae booklets 
were then distributed to the studi^nte se they showed up at the 
entrance to the claasroom. 

Design 

A postt«H3t-only control group design served as the experimen- 
tal design. The litatieticsl design use a 2 x 2 factorial design. 
The two factors were format of generality in the synthesizer and 
structure synthesizer (Sc2 Figure i). a two-way analysis of 
covar:anc9 was performed to test t)ie firet tuo hypotheses, using 
the studenta* previous claee quiz acoree as .0 covariate. A one- 
way analysis of covari&nce uas performeid to oof^iparo the experi- 
mental groupB with the control group lor the third hypotheais. 
When significance wae found* a posl^hoc comparison. using the 
Ounnet procedure waa pt?r£ormed to dotera.rne which experimental 
groupe uero significantly different from the control group. 
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Instruct ional Task and Kat friylp 



In order to ditvelup a true ui thin-set synthesi:£er • tht? proce- 
dure) synthesizer used in thia study covered the content cf 13 



STRUCTURE 
6EP G 



BOX 



6b£P 



6b 



FORMAT 



VERBAL 



GvEP 



Gv 



Legend: 

6 - Generality 
E - Example 
P « Pr?ctKe 

b ^ box-chart generality 
V « verbal penerality 



Figure 1 . 2x2 Factorial Design 
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WMks* instruction at thm coIleQa l«vel. Each Meok*8 inotruction 
(for • thrfM-credit^hour courtM^ can bm translated into six houra 
of laarning (thrao hours of in«*olaaa laarning and thraa houra of 
hoaauorkK So thara uaa a total of aavanty«*eioht houro of learn- 
ing. Tha Elaboration Thaory tantativaly propooaa that 7t4 
10*-hour laaaona uould ba an optimal aaount of covaraga for a 
within-'-aet aynthe3izar. Thua» tha aaount of instruction covered 
for thie atudy iiarj daescad lagitimata. 

Tha aatariala uara praaented in the forn of a solf- 
inatructional booklet. For tha convenionco of adainietration* 
tha color of hooklatm for each treatcani group waa different. 
Tha aateriala for thoaa in the four experiaental groupe uaro a 
ayntheaizer which illustrated tha relationchipa between tha eta- 
tietioal t€fata they had learned ao far in the couraa and the 
problem conditione under which they are appropriate. Thie par** 
ticular content ^aa choaen beoause thaee teate were taught indi- 
vidually throughout tha eeaestert and no eyntheai*«i:ing effort waa 
ever made to ehnu thB etudentg, in a comparativa or contraeting 
way» tha differences assong thaae teate and the relationships 
betuaan them and t»eir correepondxng problem conditiona. 

The auteri&l for the control group wae a summary of formulae 
for all the atatistical teate taught in tho course. Ho aynthas-* 
izing inforaatxon was given* 

The taska xn the practice and poet teat were to recall tha 
relationships illust^oted in the synthesizer* and to apply them 
to gxven problemet in order to decide which teste should be 
used. Tha author worked with the instructor throughout the 
aaterial/ter^t development proceast ao tha content w^b approved by 
the instructor in terms of accuracy and level of difficulty. 

Each booklet was prefaced by a few instructions explaining tne 
purpose of tha following etudy and the time allowed* They were 
identical for all the groups. 

Traatyante 

The four experimsntal groups received diffarent versions of 
the synthesizer. These vernions differed in two ways: a) uaing 
a box**chart or m series verbal etatetnenti.' as the generality; 
b) containing the general ity> e;canple end practice or the gener- 
ality only> Thust the four rxperimental treatments were: 1) 
box-^chart generality with example and practice <GbEP> ; 2) verbal 
geiierality with example and practice CGvEP) ; 3) box-chart gener- 
elity only (Gb) ; A) Verbal generality only (Gv) (See Figure 1). 
Tha box^chart generality and verb<itl generality are praeanted in 
Figures 2 and 3t respectively. 

For those groups which received the example and practice in 
addition to the generality, one example waa givan* along with 
explanations ao to how the appropriate test was choson (See Fig- 
ure Alt and two practice itome ware given with the answers (no 
explanations) provided on the next page (Sea Figure 5). The 
exaapla and practice ware identical for these groupe. 
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Th© control group reosived n totally diftorent but atill 
cour»«-r«latad traatuant which waa a auaaary of tJie computational 
forauloa lor all tha atatiatioal teata taught in the courae (See 
Figure 6>. 



Inaert Figurao 2. 3f 4. 5 and 0 about here 



Tmatm and Moaatf|>^i 

Tha poatteat conaieted of 36 ahort-anawer qujatlona which 
aaaaured both reaeaber level learning and application level 
laerning. To teat reaember- learning, the atudenta were aaked to 
recall iha teat B*>)ection criteria descrifari^l in tha generality of 
the ayntheeizar (the relatonahipe botweon problea conditiono and 
taate.. To tost appl ication-leerning, they were naked to uae tha 
aalection criteria to come up with the noat appropriate teat pro- 
cedure for a given problem. Ko calculation waa required. There 
ware IS teet iteaa on tha remember level and 20 on the applica- 
tion level. The teat iteae were randomly eaqunnced. Some teat 
itaaa are ahoun in Figure 7. 



Ineart Figure 7 about here 



Adainia treticp 

The atudy was carried out in tht eecond-tc-laet claea. which 
waa pcheduled to be a review eeeaion. The claoa I sated for 60 
omutea. Uhan 3 atudent casne to the claos. o/he waa given two 
booklete — one atudy guide (eyntheaizer) and one teet booklet, 
and waa inatructed to ait in the aaaigntd aacLion of the cJnaa- 
rooa. Since eome groupa required mora reading tine than othara 
due to the naturea ol the different treataenta, the following 
rulea were aet for eeat aaaignmentJ the Gb, Gv, and control 
groupa. which had 10 minutea to atudy the syntheaizer, ware told 

l°A^nr '^^'^^^ ^^^^ Gv^P groupa. which 

had ainutea to atudy the oynthaoizer, were told to sit in the 
next three rowe. The atudenta were told not to procsed with the 
teat boolflet until they wero told eo. 

When tha tiae for study guidt* uae up. the atudv guidea were 
collected, and the ntudonts couid beyin the teat. There waa no 
tiaa roBtrlctton on the teat. rtoat of them finiehed it in 30 

The inatructor adminiatered the whole proceea, while the 
author appeared aa a claaa saaiatant. The otudente were told by 
the inatructor that the purpoaa of thia eescion uae to aae how 
neipiui the different review atrategiee he had developed were in 
helping atudent learning. They were alao told that the teat 
oxtared a make-up chance fox thoao who did not perfora wall in 
tha pravsoua oma. Poor iserformance would not affect «-h©ir final 
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tVHtH 



ItutH on 


^dlue of one 

or ilifivrvnce 
between two 


Population atandard deviation {6) ia knowa 


NORMAL TEST (2) 


Population rtandard 
deviation (r<) ie unknown* 


Larft ss«pl« 

(N>30) 


tfORMAL APPKOXllUTrON (2) 


atandard deviation 

(ii> is u»ed 


Small saapl« 


t TEST 


Difference), between isoro than two Me^ins (H#: M^^Mj^^Jil^ •••) 


F TtST 


Testtt on 
propi>rtton(H> 


Oiu: rr^tportion (Ho: p - p^) or difference between two 
proportions (K» : p^ ■ p^) 


HORMAL APPROXIMATION (2) 


Diffcrencea between w e tJian two proportiona 
(lU : r> - p, - pj ...) 


CHI SQUARE TEST (X^ 


Tctitu on relattt 
conilnKcnry t.ih 


:>niihips (independence) between two variablea with a 

le 


CHI SQUARE TEST (X^) 


Ti'nCm on 
. •^•dliin(K) 


Vrflue of one Median OU : £ ■ ) 


SICN TEST 


Difference between two iwediana (H^: -l^) 


Larger n>lO 


NORMAL APPROXIMATION (2) 
with RANK-SCM 


larger n^lO 


RANK-SUM TEST 


Ti-HtJi on rtil;iltunNhi))s (Indcpemlcncc) between two variables 


RANK CORKEUTION 
COKriCIENT 



v.«r *rohW». .tare It Im» b«et, MvntUted. ■ovc to li.e boxo. on the right had aide ot It. ^nd .Mln choote 
will >.ivr vou llM- n.m- of Ji>pi«i|irinti- i**s»t for your pre* te«. 

Fiqurt 2. The Box-Chart Generality for the Synthesizer 
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Statistical H>n)othc8i8 Testing 



There are prit&arily two types of hypothesis testing — parametric and 
non-paraaetric* 



Paraioetric Testing 

There are three kinds of probleais taught in this course that can be solved by 
parametric methods ^ tests on meau(s)» tests on proportion(s) , and tests on 
relationships (Independence) between two variables. 

For problems which requrie a test on the value of one roean(Hp :X»Z<(> , or the 
difference between two means (H^: jU/^/^j) , use the NORMAL TEST (Z) if the 
population standard deviation (6) !» knowi.; use the NORMAL APPROXIMATION (Z) 
If6i8 unknown, sample standard deviation (s) is used, and the sample size is 
large (N^^SO); use the t TEST If 6 is unknown, s is used, and the sample 
siae is small (N<30). 

For problems which requrie a test on the differences between more than two 
means (VciM^' Mi'^M} use the F TEST. 

For problems which require a test on the value of one proportion (H^?: p « P^)» 
or the difference beti^^en two proportions (!^ : p^* Pj^) , use the NORMAL 
APPROXIMATION (Z). 

For problems which require a test on the difference between more than two 
proportions (H^: p,« • ...), use the CHI SQUARE TEST (X^) . 

For problems which require a test on the relationships (Independence) between 
two variables with a contingency table, use the CHI SQUAFE TEST (X^. 



Non-"Parametric Testing 

There are two kinds of problems taught in this course that can be solved by 
non^parametric methods — tests on median (s) and test on the relationships 
(independence) between two variables. 

For problems which req»uire a test on the value of one -^dian (H^: £ * f^)* 
the SIGN TEST. 

For problems which requre a test on the difference between two medians 
(Ho 5 £/-ia)» use the NORMAL APPROXIMATION (Z) with RANK-SUM if the larger 
n>lO; use the RANK-SUM TEST if the larger n610. 

For problems which require a test on the relationships (independence) between 
two variables^ use the RANK CORRELATION COEFFICIENT. 



Figure 3. The Verbal Generality for the Synthesizer 
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The followiag is an exaaple which illaatcatea boa tha inforat- 
tioa pcovld«a in tha pravioas pa9« is asad ia arriviag at tha 
appcopciata statistical test* 



ftSltlll 

Aft iavestigatioa of two kinds of photocopying egiipaeat showed 
that 60 fallacea of the first kind of egaipaent took on the aver- 
age 8«.2 alnates to repair with a standard doTiaticn of 19.* ain- 
atesf while 60 failarea of the second kiad of equipaent took on 
the awerage 91*6 aiaates to repair with a standard deviation of 
18.9 alnates. Test whether there is a real difference beteeen 
the two aeaas at ot « 0.01. 



The last sentence in the gaestion tells as that the problae 
regaires a test on aeans, and farther that it cegaizes a test oa 
the difference betveea two aeans. Reaeabering £ro« the previous 
page, we know that the aeit thing is to find oot if the two pope- 
Ution standard deviations are provided. Obviously they are not 
fwe are only given the two saaple staadard deviatioas - 19.4 aln- 
ates and ia. 8 ainutes). Again recalling froa the previous page, 
we know that the fiaal factor to be considered is the saaple 
sise. Since each saaple has a size of 60, the H is larger thaa 
30. All the above leads as to the decision that the HOBflAL 
APPBOnflATIoa <l) is the appropriate test for this particalar 
problea. 



Pignre 4 . An Exaaple for the Synthesizer 
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•pproprut, teS? ;r«U J« bSoJ: "it" **• lUIS ot th« 

•r. 9iT«D o* tli« ««t «t tl» «i)E>ets Kkict 



1. 



oi\2I «Irli!!"«^!^"'**''.""'' "9 of « ••aic.Uo. took 



Test:, 



T0st:_ 



1. t Test 
2» Sign T«st 

Wqures, Practice 



iteis for the syothesizer 
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The following Information sutamarlzcs the formulas of all the statistical tests 
you have learned this semester. You have 10 minutes to study. It will then be 
collected and you will be given the test. 



^ - pfi/>ufi*/^'m, SfTtAfOnfiL, /^tf/At^^ 
57 J W : 



t/TE 



(/7l 
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FIGURE 6. TREA..CNTFOR THE CONTROL GROUP 



For the following questions, give the NAME of the appropriate test or the 
PROBLEM CONDITION(S) for a particular test in the space provided below each 
question, m CALCULATION is required. 

Test on remewiber-l earning 

1. What is (are) the condition(s) under which the rank correlation coefficient 
should be used? 

Condltion(s): — 



2. Once you have determined that a given problem is about proportions, which 
decision should you make next? 



3. Given a problem which requires a test on the value of one mean. If N^30, 
and san-.?le standard deviation ( s ) is used, which test would be 
appropriate? 



Test: 



Test on application-learning 

1. A random sample of 12 graduates of secretarial school averated 73.3 words 
per minute with a standa-d deviation of 7.9 words per minute on a typ.ng 
test. How should we decide to accept or reject an employer s claim that 
the school's graduates averate less than 75.0 words per minute? 



Test: 



2. One method of seeding clouds was successful in 57 of 150 attempts, while 
another method was successful in 33 of 100 attempts. Setc< =0.05 and 
test the null hypothesis that both methods are equally good. 



Test: 



3. In a random sample of 10 issues, a newspaper listed 32, 27, 41, 52. 31, 22 
38, 45. 34, and 36 apartmpnts for rent. £et«. «0.05 and test the hypothesis 
He: S. (nied^an) « 40. 

Figure 7 . Test Items 
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OradMf but out0tanding parfornanoe could reault in 10 points 
aora in tha final grading. 



HvDothya^f yt it uaa predicted that in both application 
and raaaabar lavala of learning* atudente who have rocaivad a 
box-chart (viiiiual) general it/ in a synthaaxzar will perfora bat- 
ter than thoae uho have received a verbal generality. Reaulte 
froa the two-way analyaia of oovarianca did not eupport this 
hypotheeie. No aain effect wee found in tha -foraaf of gen- 
erality in both lavala of learning (See Tablea 1 and 2). 

Hyggthtt^ff 2< It waa predicted that in application level 

learning* atudenia who have received the generality* exaaplae 
and practice in a ayntheaizer will perfora batter than thoae who 
have received the generality only. Reaulte again did not eup- 

port thia hypothaaie. However* a main effect waa found unex- 
pectedly in the renembar level. An F value of 5.81 wae 
obtained* significant at tha .02 level (See Tablea 1 and 2). 



tnaart Tables 1 and 2 about here 



Hypotfteff^f 3; It uaa predicted that in both application and 
reaaaber levale of learning, etudanta who have received a ayn- 
theaizer. regardleea of atructure and foraat of tha generality* 
will perfora better than thoae uho have received no ayntheaizer. 
Tha one-way analyaia of covariance yielded an F value of 4.83 
for reraeaber- learning* aignificant at the .002 level; and 2.31 
for application-learning. marginally aignificant at .07 level. 
They are the reaulta after reaoving the effect of atudent entry 
Rbilitiee CSee Table 3). The adjuetad aeana uera ueed in the 
Dunnet procedure with a aieultaneoua error rate of .OS* which 
coapared each experimental group with the cnntrol group. Raeulte 
of thia poat hoc coapariaon ahow that for both levele of learn- 
ing* only the GbEP and GvEP groupa were aignificant ly better 
than the control group. The Dunnet'a reaulta are ahown in Table 
4. 



Insert Tablea 3 and 4 about here 



DISCUSS I OW 

The raeulte* although not etrongly supportive of the hypoth- 
eeee* do provide eome ineighte about eyntheaizere. Firet* with 
respect to the foraat of a ayntheaizer* although the aeana were 
in the predicted direction* it eeeaa that the foraat of a proce- 
dural aynthesizer does not sake auch of a difference. However* 




19 



uole 1. Results of Two-way Analysis of Covariance on Remember- level Learning 



Effect 
Structure 


.Ad.1u§v«jvl mean .(standard Fr 


ror) .and N Top ^sqh 9roup 


OF 


F 


P 


GEP 

10.48 (0.65), 29 


G 

8.24 (f o6), 29 


1, 53 


5.81 


.02* 


Format 


Box 

9.45 (0.70), 26 


Verbal 
9.27 (0.63), 32 


1, 53 


0.03 


.85 


Structure 
*' 

Format 


GbEP 

10 47 (0.95K 14 


vivEP 

10.48 (0.92), 15 


Gb 

a. 42 (1.02). 12 


Gv 

8.05 (0.85), 17 


1, 53 


n.04 


.83 
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Table 2. Results of Two-way Analysis of Covariance on Application-level Learning 



Effect 


Adjusted mean (Standard Error) and N for each group 


OF 


F 


p 


Structure 


GEP 

r.04 (0.75), 29 


G 

10.71 (0.77), 29 


1, 53 


1.53 


.22 


Fomat 


Box 

11.16 (0.82), 26 


Verbal 
11.60 (0.73), 32 


1, 53 


0.15 


.70 


Structure 
* 

Format 


GbEP 
11.63 (1.10), 14 


GvEP 
P. 46 (l.Oh;, lb 


Gb 

lu t/i 1 1 .Iw), 12 


6v 

10.73 (0.99), 1/ 


1, 53 


vj.n 


.72 
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TjMo 3. Rosults of Ono-way Analysis of Covariance 



A. Roiiieiiiber-level l^arnin^ 



Effect 


Adjusted Mean {Standeard Error) and N for each aroup 


• DP 


F 


P 




GbEP 


GvEP 


1 

i Gb 

1 


: 1 

1 6v j Control 








droup 

•1 


10.66 
(0.93) 
14 

! 

i 


10.47 
(0.92) 
15 


\ 8.64 
i (1.00) 
12 


1 

8.10 5.77 
(0.85) (0.90) 
17 1 15 

1 i 

i ; 


4, 67 

1 


i 4.83 


.002* 



§ Ap pl icdtio n-1 e vej learning 
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Effect 



Group 



. i 



GbEP 

11.85 
(1.16) 
14 



Adjusted Mean (Standard Erro r), and N for each group 
GvEP 



12.40 
(1.14) 
15 
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Gb 

10.05 
(1.26) 
12 



Gv 

10.76 
(1.06) 
17 



OF 



Control 

7.92 
(1.13) 
15 



4. 67 
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Table 4. Ounnet's Results on Differences between Experimental Groups 
and Control Group 



A. Reniember- level differences 

GbEP GvEP 6b Gv 

Control 4.89* 4.70* 2.86 2.32 

B. Application- level differences 

GbEP GvFP Gb Gv 

Control 3.93* 4.48* 3.03 2.84 



Key: 

* indicates differences that are significant. 

6 * Generality 
£ ■ Example 
P • Practice 

0 » Box-chart generality 
y « Verbal generality 



28 



HcLcan* •! al. C1983) had found that vlaual repraaentat ion uaa 
battar than a varbal-only raprasantation lor a conceptual ayn- 
thaaizar. It aight ba that tha contant thay uaed uaa new to tha 
atudanta (tha atructura of a aicrocoaputar ) » uhile the content in 
tha praaant atudy uaa a faailiar one* ainca before receiving the 
uithin-aet ayntheaizer» the atudente had already studied the eub- 
ject for a quite long period of time. Thia fanUiarity with the 
content could have helped overcone the difficulties one aight 
have had uhar studying those pieceaeal verbal atatemente. Thust 
although a good visual synthasixer appaara to be beneficial for 
learning the content atructura of a new subject (McLean et al«» 
1983) » when it coaee to a fasilxar one» it aey not ba appreciably 
superior. 

Sscondly. with reepact to the structure of a aynthosizert hav- 
if>q only a generality in the synthssizer appeare to be insuffi- 
cient. This study supports the prescriptions of Elaboration 
Theory that including a propotypical example and aoma practice ia 
helpful. This hslpful effect* however* contrary to our hypothe- 
sis* was found to lie in remember learning as opposed to applica- 
tion learning. Although thie finding ia unexpected* it is not 
surprising. Previous studies on syntheai'^ere conducted by Frey 
and Raigeluth (1961): Carson and Reigeluth <1983): and HcLaan* 
Yah and Raigeluth (1983) all found significantly increaaed learn- 
ing of ralationahipa aaong content elements. The generality of a 
synthssizer. be it visual or verbal* rapresente a condensed and 
brief deeoription of the content structure. For noet people* 
this kind of synthetic learning might be new. Therefore the 
9;casple and practice included eerved to teach tha st^^^nts how to 
read and make sense out of thess seemingly piecemeal etateaents. 
Tha result that the GbEP and GvEP gx^oups performed significantly 
better than the other groupe in remembering the relationships 
bstween problem conditione and tests impliccs that the example and 
practice provided a context for meaningful learning (Reigeluth* 
1963) which enhances the retention of the interrelationships 
deecribed in the generality. 

Tha reaaon that providing the example and practice did not 
inereaee application learning is not clear. In fact this was the 
fiist time that application learning from a syntheeizer has been 
seasursd. It is pos «jle that since the students had been learn- 
ing the eubject at the application level ond had taken applica- 
tion tosts sevsral times during the setaeater* their ability to 
anarar this type of question had been raised to a level that the 
prasencs cf one example and two practice iterae would not be much 
help compared to the training they had received so far. 

In light of the results of the present etudy- ue suggest thst 
evsn if the provision of examplee and practice may not be useful 
in incrsaaing immediate application laerning in a uithin-eet ayn- 
thesizsr* the effect on remembering the relationahips may have a 
poaitivs long-term lapact on application in the future when no 
frequent application practice and teats are available as in tha 
claasroom. But thie le just tor the within-set eynthesizersS for 
internal aynth&'sizers whxch are provided after a aangie leeaon* 
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■xaaplM and practical may at ill torn uaaful in iaproving applica- 
tion laarning. fTora research ia needed to investigate this as 
wall )«s the effect of a ''coapleie*' thin-set synthesizer on 
application learning. It la also suggested that a delayed test 
on application bs administered in future studies to dateraine the 
long**ters effect* 

To sum up» this study presents additional insights aa to ths 
optimal structure of a procedural aynthesi^di*. It seeas iapor- 
tant to have a ^'complete'* within-set synthesizer (with exaaples 
and practice)* at least for rs^aember learning of the relation- 
ships* as ths Elaboration Theory proscribes. 

With respect to **forffiat**t the non-significance may iaply that 
''format** is not as iaportant if the content is familiar. How- 
ever* it may also imply that **foraat** is not as important for a 
procedural decision synthesizer as for a conceptual synthesizer 
which wae investigated end found significant by previous 
research. One can eve:, argue that maybe another format (e.g* a 
flowchart instead of a t;^x chart) would make a real difference* 
In spite of this* it is ^^oteworthy that the students^ when asked* 
did feel that the box chart was clearer than the verbal state- 
sents* and that box-chart groups d.d perform a little bit better 
than the verbal-statements groups after taking into account the 
entry abilitiea. 

This study represents a beginning ot th^ investigation of 
within-set eyntheoxzers. Since it was conducted with college 
students* used only two kinds of ** formats*** and focused on 
procedure-decision learning only* replications are necessary with 
different samples and content types to determine the degree of 
generml izabi 1 i ty of the results. 
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